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ROOT-SPECIFIC PHOSPHATE 
TRANSPORTER PROMOTERS 

This application is a division of US. application Ser. No. 
11/400,771, ?ledApr. 7, 2006, now US. Pat. No. 7,534,932, 
Which claims the priority of US. Provisional Appl. Ser. No. 
60/669,242 ?ledApr. 7, 2005, the entire disclosures of Which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 
The present invention generally relates to neW regulatory 

sequences With de?ned tissue speci?city. More speci?cally, 
the invention relates to the discovery of gene promoters for 
tissue speci?c and inducible expression of transgenes for the 
improvement of plant species. 

II. Description of Related Art 
Molecular improvement of crops presents both neW chal 

lenges and clear opportunities for the application of biotech 
nology. Genetic modi?cation of traits should enhance eco 
nomics, human and animal health, and the environment. Such 
modi?cations require the e?icient expression of transgenes 
With appropriate expression patterns. Regulatory elements 
With the appropriate expression pro?le are thus needed. 

Most previous studies have used available strong constitu 
tive promoters, such as the cauli?ower mosaic virus 35S 
(CaMV35S) promoter. HoWever, some constitutive promot 
ers do not Work in certain plants and typically do not provide 
tissue-speci?c or inducible expression in most environments. 
There has been a general lack of appropriate regulatory ele 
ments for inducible and tissue-speci?c expression in particu 
lar. 

The ability to express transgenes in an inducible and/or 
tissue-speci?c manner is signi?cant because it alloWs tar 
geted expression to relevant plant tissue(s) under conditions 
in Which transgene expression Will bene?t the plant. Expres 
sion of transgenes in plant tissues in Which expression Would 
not bene?t the plant may have a deleterious effect on the plant 
or decrease available energy for expression of other proteins 
in the relevant tissues, depending upon the transgene 
expressed. Government regulatory issues may also be simpli 
?ed by limiting gene expression primarily to inedible plant 
portions. 
One plant characteristic for Which genetic modi?cation 

could greatly bene?t the environment and farmers alike is 
increased phosphorous utiliZation from soil. Phosphorus is a 
major mineral nutrient that frequently limits crop production. 
The form of phosphorus most readily accessed by plants is 
phosphate (Pi), Which is relatively immobile in the soil and 
often unavailable for plant uptake (Schachtman et al., 1998). 
Pi levels in soil are occasionally as high as 10 uM, but more 
frequently as loW as 1 uM. In contrast, Pi concentration in 
plant cells is much higher, in the 2-20 mM range (Vance et al., 
2003). 

The identi?cation of strong phosphate de?cit-inducible 
promoters in particular could provide a signi?cant advance in 
the art by alloWing improvements for phosphate utiliZation 
under only appropriate conditions. Natural phosphorous 
sources are subject to depletion, While loW levels of phospho 
rous can signi?cantly deplete agricultural productivity and 
applications of phosphorous-rich fertiliZers create run off 
polluting Water sources. The identi?cation of unique regula 
tory elements capable of use for engineering phosphorous 
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2 
uptake or other traits Would therefore represent a signi?cant 
bene?t to agriculture and the environment alike. 

SUMMARY OF THE INVENTION 

In one aspect, the invention provides an isolated nucleic 
acid sequence comprising a promoter sequence operable in a 
plant, Wherein the promoter comprises a nucleic acid 
sequence selected from the group consisting of SEQ ID NO:1 
SEQ ID N012, and SEQ ID NO:3; or a fragment thereof 
having promoter activity. In certain embodiments, the frag 
ment may be further de?ned as comprising at least 25, 50, 75, 
95, 125, 250, 500 or more contiguous nucleotides of SEQ ID 
NO:1 or SEQ ID NO:2 or SEQ ID NO:3, up to and including 
the full length sequence. The isolated nucleic acid sequence 
may further be de?ned as operably linked to any desired 
elements, including an enhancer and/ or coding sequence. 

In yet another aspect, the invention provides a transforma 
tion construct comprising: (a) an isolated nucleic acid 
sequence comprising a promoter sequence operable in a 
plant, Wherein the promoter comprises a nucleic acid 
sequence selected from SEQ ID NO:1, SEQ ID N012, and 
SEQ ID NO:3; or a fragment thereof having promoter activ 
ity; and (b) a heterologous coding sequence operably linked 
to said promoter sequence. The coding sequence may, in 
certain embodiments, be operably linked to a terminator, an 
enhancer and/ or a selectable marker. The transformation con 
struct may further comprise at least a second promoter. The 
transformation construct may also comprise a screenable 
marker. 

In still yet another aspect, a plant is provided that is trans 
formed With a selected DNA comprising a promoter sequence 
described herein. The plant may be further de?ned as a 
dicotyledonous or monocotyledonous plant. The invention 
further provides a cell and seed of such a plant. In still yet 
another embodiment, a progeny plant of any generation of a 
plant of the invention is provided, Wherein the progeny plant 
comprises a selected DNA in accordance With the invention. 

In certain other embodiments of the invention, nucleic 
acids hybridizing to SEQ ID NO:1 or SEQ ID NO:2 or SEQ 
ID NO:3 under stringent conditions and having promoter 
activity are provided. Stringent conditions may be de?ned as 
5><SSC, 50% formamide and 420 C. By conducting a Wash 
under such conditions, for example, for 10 minutes, those 
sequences not hybridizing to a particular target sequence 
under these conditions can be removed. Provided in still 
further embodiments of the invention are sequences having at 
least 90% sequence identity to a nucleic acid sequence 
selected from SEQ ID NO:1, SEQ ID N012, and SEQ ID 
N013 and fragments thereof having promoter activity, includ 
ing at least about 92%, 95%, 98% and 99% homology to these 
sequences. Speci?c examples of such fragments of SEQ ID 
NO:1 and SEQ ID NO:2 include SEQ ID NOs: 20-29. Exem 
plary fragments of SEQ ID NO:3 include last 1,000 or 500 or 
300 nucleotides of the sequence. 

In still yet another aspect, the invention provides a method 
of expressing a polypeptide in a plant cell comprising the 
steps of: (a) obtaining a construct comprising a promoter 
sequence of the invention operably linked to a heterologous 
coding sequence encoding a polypeptide; and (b) transform 
ing a recipient plant cell With the construct, Wherein said 
recipient plant cell expresses said polypeptide. In the method, 
the plant cell may be further de?ned as a dicotyledonous or 
monocotyledonous plant cell. 

In still yet another aspect, a method of producing a plant 
transformed With a selected DNA comprising a promoter of 
the invention, comprising: (a) obtaining a ?rst plant compris 
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ing the selected DNA; (b) crossing the ?rst plant to a second 
plant lacking said selected DNA; and (c) obtaining at least a 
?rst progeny plant resulting from said crossing, Wherein said 
progeny plant has inherited said selected DNA. In the 
method, the plant may be further de?ned as a dicotyledonous 
plant or monocotyledonous plant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The folloWing draWings form part of the present speci?ca 
tion and are included to further demonstrate certain aspects of 
the invention. The invention may be better understood by 
reference to one or more of these draWings in combination 
With the detailed description of speci?c embodiments pre 
sented herein: 

FIG. 1. Promoter sequences of MtPT1 (SEQ ID NO:1). 
Deleted promoter segments are shoWn by arroWs. 

FIG. 2. Promoter sequences of MtPT2 (SEQ ID NO:2). 
Deleted promoter segments are shoWn by arroWs. 

FIG. 3. Promoter sequences of MtPT3 (SEQ ID NO:3). 
FIG. 4A-E. Schematic illustrations of the MtPTl-GUS 

(FIG. 4A), MtPTl-GFP (FIG. 4B), MtPT2-GUS (FIG. 4C), 
MtPT2-GUS (FIG. 4D), MtPT3-GUS (FIG. 4E) binary vec 
tors used for A grobaclerium-mediated transformation. 

FIG. 5. GUS staining of transgenic Arabidopsis carrying 
MtPTl-GUS, MtPT2-GUS and CaMV35S-GUS gene con 
structs, respectively. The Pi concentration in the groWth 
medium Was 10 uM. 

FIG. 6. Detection of GFP in transgenic Arabidopsis carry 
ing MtPTl-GFP, MtPT2-GFP and constitutive promoter 
GFP gene constructs, respectively. The Pi concentration in 
the groWth medium Was 10 uM. 

FIG. 7. Detection of GFP in transgenic Arabidopsis roots 
carrying MtPT1 -GFP and MtPT2-GFP gene constructs under 
different Pi concentrations. The Pi concentrations in the 
groWth media Were 10 uM, 0.2 mM, 1 mM and 2 mM, respec 
tively. 

FIG. 8A-B. GUS activity of transgenic Arabidopsis roots 
carrying gene construct of MtPTl-GUS (FIG. 8A) and 
MtPT2-GUS (FIG. 8B) under different Pi concentrations. 
The Pi concentrations in the groWth media Were 10 uM, 0.2 
mM, 1 mM and 2 mM, respectively. Error bars represent 
standard error. 

FIG. 9A-F. Reversibility of GFP expression in transgenic 
Arabidopsis roots carrying gene constructs MtPTl-GFP and 
MtPT2-GFP. (FIG. 9A, D) Transgenic Arabidopsis groWing 
at 10 uM Pi for 14 days. (FIG. 9B, E) 14-day-old plants Were 
transferred to 2 mM Pi conditions for 2 days. (FIG. 9C, F) 
Transgenic plants Were transferred back to 10 uM Pi condi 
tions for 2 days. 

FIG. 10A-B. Reversibility of GUS expression in transgenic 
Arabidopsis roots carrying gene constructs of MtPTl-GUS 
(FIG. 10A) and MtPT2-GUS (FIG. 10B). Transgenic Arabi 
dopsis Were groWn at 10 uM Pi for 14 days (a), transferred to 
2 mM Pi conditions for 2 days (b), then transferred back 10 
uM Pi for 2 days (c), 7 days (d) and 15 days (e). Error bars 
represent standard error. 

FIG. 11A-D. Sections of M Zruncalula transgenic roots 
carrying gene constructs MtPTl-GUS (FIG. 11A, B) and 
MtPT2-GUS (FIG. 11C, D). 

FIG. 12A-B. GUS activity of transgenic Arabidopsis roots 
carrying deleted MtPTl-GUS gene constructs (FIG. 12A) 
and MtPT2-GUS gene constructs (FIG. 12B) With varying 
lengths of promoter region under Pi concentrations of 10 uM 
Pi and 2 mM. Error bars represent standard error. 
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4 
FIG. 13A-B. GUS staining of transgenic Arabidopsis car 

rying deleted MtPTl-GUS gene constructs (FIG. 13A) and 
MtPT2-GUS gene constructs (FIG. 13B) With varying 
lengths of promoter region. 

FIG. 14A-B. GUS activity of transgenic Arabidopsis 
leaves carrying deleted MtPTl-GUS gene constructs (FIG. 
14A) and MtPT2-GUS gene constructs (FIG. 14B) With vary 
ing lengths of promoter region under Pi concentrations of 10 
uM Pi and 2 mM. Error bars represent standard error. 

FIG. 15A-C. GUS staining of M Zruncalula roots express 
ing the MtPT3-GUS gene construct. GUS expression in 
Whole roots (FIG. 15A and FIG. 15B) and in cross-sections of 
the root (FIG. 15C). As shoWn in each panel, GUS staining 
indicates that the MtPT3 promoter drives expression in the 
vascular tissues. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention overcomes the limitations of the prior art by 
providing promoters With unique and inducible expression 
pro?les. Transgenic expression of three promoters, desig 
nated MtPTl, MtPT2 and MtPT3 revealed root-speci?c and 
inducible expression sensitive to phosphate (Pi) de?cit. The 
promoters lead to different patterns inside root tissues. Pro 
moter deletion analysis revealed sequences involved in Pi 
de?cit responsiveness. The promoters are of particular value 
for de?ned engineering of plants, in Which root-speci?c 
expression of transgenes, as Well as inducible expression, 
may be preferred or required. 
One aspect of the current invention comprises the MtPTl, 

MtPT2 an MtPT3 promoter sequences, exempli?ed by SEQ 
ID NO: 1, SEQ ID NO:2, SEQ ID NO3 and fragments thereof 
having promoter activity. In certain embodiments of the 
invention, such a fragment may be a restriction fragment, for 
example, from a complete or partial digest by one or more 
restriction enZymes including, but not limited to, HaeIII, 
PaeI, ThaI, TrulI, TaqI, BfaI, AccII, AluI, CfoI.5, EcoRI 
BamHI. Fragments may also routinely be made by mechani 
cal shearing of DNA as Well as use of non-speci?c nucleases. 
Exemplary fragments comprise, in one embodiment, at least 
about 60, 80, 100, 150, 200, 300, 500, or 800 or more con 
tiguous nucleotides of the sequence of SEQ ID NO:1 or SEQ 
ID NO:2 or SEQ ID NO:3 up to the full length sequence. The 
screening of promoter sequences for activity is routine in art 
and can e?iciently be carried out by the methodology 
described in the Working examples. In this manner, large 
number of promoter fragments may be linked to screenable 
markers and transformed into plant cells ex vivo for transient 
assays of marker gene product. Using visual detection, for 
example, promoter activity is readily identi?ed. 

Also provided by the invention are sequences substantially 
identical to a promoter sequence provided herein. “Substan 
tially identical” refers to a nucleic acid sequence exhibiting in 
order of increasing preference at least 90%, 95%, 98 or 99% 
identity to a promoter nucleic acid sequence provided by the 
invention, for example, SEQ ID NO:1 and/or SEQ ID NO:2 
and/or SEQ ID N013 and fragments thereof having promoter 
activity. Polynucleotide comparisons may be carried out 
using sequence analysis softWare, for example, the Sequence 
Analysis softWare package of the GCG Wisconsin Package 
(Accelrys, San Diego, Calif.), MEGAlign (DNAStar, Inc., 
1228 S. Park St., Madison, Wis. 53715), and MacVector 
(Oxford Molecular Group, 2105 S. Bascom Avenue, Suite 
200, Campbell, Calif. 95008). Such softWare matches similar 
sequences by assigning degrees of similarity or identity. Such 
comparisons may be made using default parameters. 
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Techniques for engineering promoter sequences at the 
nucleotide level are also known, for example, using site 
directed mutagenesis, and may be used to produce promoter 
derivatives. This is typically performed by ?rst obtaining a 
single-stranded vector or melting apart of tWo strands of a 
double-stranded vector Which includes a DNA sequence 
Which comprises a promoter of the invention. An oligonucle 
otide primer bearing the desired mutated sequence is pre 
pared, generally synthetically. This primer is then annealed 
With the single-stranded vector, and subjected to DNA poly 
meriZing enZymes such as the E. coli polymerase I KlenoW 
fragment, in order to complete the synthesis of the mutation 
bearing strand. Thus, a heteroduplex is formed Wherein one 
strand encodes the original non-mutated sequence and the 
second strand bears the desired mutation. This heteroduplex 
vector is then used to transform or transfect appropriate cells, 
such as E. coli cells, and cells are selected Which include 
recombinant vectors bearing the mutated sequence arrange 
ment. Vector DNA can then be isolated from these cells and 
used for transformation. 
A genetic selection scheme Was devised by Kunkel et al. 

(1987) to enrich for clones incorporating mutagenic oligo 
nucleotides. Alternatively, the use of PCR With commercially 
available thermostable enZymes such as Taq polymerase may 
be used to incorporate a mutagenic oligonucleotide primer 
into an ampli?ed DNA fragment that can then be cloned into 
an appropriate cloning or expression vector. The PCR-medi 
ated mutagenesis procedures of Tomic et al (1990) and 
Upender et al (1995) provide tWo examples of such protocols. 
A PCR employing a thermostable ligase in addition to a 
thermostable polymerase also may be used to incorporate a 
phosphorylated mutagenic oligonucleotide into an ampli?ed 
DNA fragment that may then be cloned into an appropriate 
cloning or expression vector. 

The term “template-dependent process” refers to nucleic 
acid synthesis of a RNA or DNA molecule Wherein the 
sequence of the neWly synthesiZed strand of nucleic acid is 
dictated by the Well-knoWn rules of complementary base 
pairing. Typically, vector mediated methodologies involve 
the introduction of the nucleic acid fragment into a DNA or 
RNA vector, the clonal ampli?cation of the vector, and the 
recovery of the ampli?ed nucleic acid fragment. Examples of 
such methodologies are provided by US. Pat. No. 4,237,224, 
speci?cally incorporated herein by reference in its entirety. A 
number of template dependent processes are available to 
amplify the target sequences of interest present in a sample, 
such methods being Well knoWn in the art and speci?cally 
disclosed herein beloW. 
An e?icient, targeted means for preparing promoters relies 

upon the identi?cation of putative regulatory elements Within 
the target sequence. This can be initiated by comparison With, 
for example, promoter sequences knoWn to be expressed in a 
similar manner. Sequences Which are shared among elements 
With similar functions or expression patterns are likely can 
didates for the binding of transcription factors and are thus 
likely elements Which confer expression patterns. Con?rma 
tion of these putative regulatory elements can be achieved by 
deletion analysis of each putative regulatory region folloWed 
by functional analysis of each deletion construct by assay of 
a reporter gene Which is functionally attached to each con 
struct. As such, once a starting promoter sequence is pro 
vided, any of a number of different functional deletion 
mutants of the starting sequence could be readily prepared. 
As indicated above, fragments of a promoter also could be 

randomly prepared and then assayed. With this strategy, a 
series of constructs are prepared, each containing a different 
portion of the clone (a subclone), and these constructs are 
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6 
then screened for activity. A suitable means for screening for 
activity is to attach a promoter fragment to a selectable or 
screenable marker, and to isolate only those cells expressing 
the marker protein. In this Way, a number of different pro 
moter constructs are identi?ed Which still retain the desired, 
or even enhanced, activity. The smallest segment Which is 
required for activity is thereby identi?ed through comparison 
of the selected constructs. This segment may then be used for 
the construction of vectors for the expression of exogenous 
protein. 

I. RECOMBINANT CONSTRUCTS AND 
TRANSFORMATION VECTORS 

One important application of the promoters provided by 
the invention Will be in the construction of vectors designed 
for introduction into host cells by genetic transformation. 
Methods for preparing such vectors and components for their 
construction are knoWn to those of skill of the art (see for 
example, Sambrook et al., 2001). The techniques of the cur 
rent invention are thus not limited to any particular DNA 
sequences in conjunction With the promoter sequences pro 
vided herein. For example, the promoters alone could be 
transformed into a cell With the goal of enhancing or altering 
the expression of one or more genes in the host genome. 

Transformation vectors can be used to direct the expression 
of a selected coding region encoding a particular protein or 
polypeptide product in a transgenic cell. In certain embodi 
ments, a recipient cell may be transformed With more than 
one transformation construct. TWo or more transgenes can 

also be introduced in a single transformation event using 
either distinct selected protein-encoding vectors, or using a 
single vector incorporating tWo or more gene coding 
sequences. Of course, any tWo or more transgenes of any 
description may be employed as desired. 

Vectors used for transformation may include, for example, 
plasmids, cosmids, YACs (yeast arti?cial chromosomes), 
BACs (bacterial arti?cial chromosomes) or any other suitable 
cloning system, and the nucleic acids selected therefrom. It is 
contemplated that utiliZation of cloning systems With large 
insert capacities Will alloW introduction of large DNA 
sequences comprising more than one selected gene. Introduc 
tion of such sequences may be facilitated by use of bacterial 
or yeast arti?cial chromosomes (BACs or YACs, respec 
tively). 

Particularly useful for transformation may be expression 
cassette portions of vectors, isolated aWay from sequences 
not essential for expression in plants. DNA segments used for 
transforming cells Will generally comprise the cDNA, gene or 
genes Which one desires to introduced into and have 
expressed in the host cells. These DNA segments can further 
include, in addition to a promoter, structures such as promot 
ers, enhancers, terminators, polylinkers, or even regulatory 
genes as desired. The DNA segment or gene chosen for cel 
lular introduction may encode a protein Which Will be 
expressed in the resultant recombinant cells resulting in a 
screenable or selectable trait and/or Which Will impart an 
improved phenotype to the resulting transgenic cell or an 
organism. Alternatively, the vector may comprise a coding 
sequence for a protein or polypeptide Which is to be isolated 
from the transgenic cells or is excreted from the transgenic 
cells. Exemplary components that may advantageously be 
used With transformation vectors are provided as folloWs. 

A. Regulatory Elements 
In addition to a promoter sequence of the invention, con 

structs prepared in accordance With the invention may com 
prise additional desired elements. For example, by including 














































